Previous research suggests that therapies can help people to regulate their emotions, and on the other hand, traumas can cause impaired emotion regulation. This paper introduces a computational model for simulating the effects of events like traumas or therapies on emotion regulation. This model is an extension of an existing computational model of emotion regulation (Bosse et al. 2007c) . A number of simulation experiments has been performed and evaluated.
INTRODUCTION
In science, emotions were historically seen as neural activation states without a function (Hebb 1949) . However, recent research indicates that emotions are functional. Emotions have a facilitating function in decision making (Oatley and Johnson-Laird 1987) , prepare a person for rapid motor responses (Frijda 1986) , and provide information regarding the ongoing match between organism and environment (Schwarz and Clore 1983) . Emotions also have a social function. They provide us information about others' behavioural intentions, and script our social behaviour (Gross 1998) . In the past two decades, psychological research has started to focus more on emotion regulation (e.g., Gross, 1998; 1999; 2002; Thompson 1994) , i.e., the process humans undertake to increase, maintain or decrease their emotional response. Gross has described an informal process model for emotion regulation (Gross 2001) . Based on this model, Bosse et al. (2007b; 2007c) have introduced a computational model of emotion regulation. In this model, the personal flexibility in changing emotion regulation behaviour, based on meta-cognition about the emotion regulation process, is fixed. In real life, however, this personal tendency to adjust behaviour can be changed by certain events. For instance, if someone has a very low tendency to change his behaviour in order to regulate his emotions, a therapy could help that person to change this tendency, and help him learn to adapt this regulation of emotions in a more flexible manner. Previous research suggests that therapies can help people to regulate their emotions. For instance, Beck and Fernandez describe, based on 50 studies, that people who were treated with a cognitive behavioural therapy as an approach for anger management were better off than 76% of untreated subjects, in terms of anger reduction (Beck and Fernandez 1998) . In addition, an article by Burns et al. suggests that a structured anger management training programme is useful for forensic inpatients with learning disability (Burns et al. 2003) . Finally, Deschner and McNeil describe an experiment, in which families that experienced violence, followed anger control training. After the training, 85% of the families were free of further violence and remained so, according to an independent survey completed 6-8 months later (Deschner and McNeal 1986) . On the other hand, an event like a trauma could decrease the tendency to change one's behaviour in order to regulate his emotions significantly. Schore describes that an early trauma can cause impaired affect regulation (Schore 2001) . This article presents an extension of the emotion regulation model by Bosse et al. (2007c) that makes it able to simulate events that influence the emotion regulation process, like traumas or therapies. Simulation experiments have been performed to test whether events with a positive effect on the personal tendency to change behaviour in favour of emotion regulation, like therapies, facilitate emotion regulation, and events with a negative effect on the tendency to change behaviour, like traumas, impair emotion regulation. This model could be used for several purposes. For example, from a Cognitive Science perspective, a model that simulates emotion regulation could give insight in the process of emotion regulation. An advanced model could also be helpful to make predictions about emotions, about behaviour that is a consequence of emotions, and about how to influence certain behaviours with, e.g., an anger management therapy. This could be useful in for instance work with forensic inpatients. In addition, a model for emotion regulation can be used in the field of Artificial Intelligence, see e.g. (Bates 1994) . For example, in the virtual reality domain it can be used to let virtual agents show human-like emotion regulation behaviour. Similarly, in the gaming industry, there is much interest in manners to let game characters emotionally behave like humans.
EMOTION REGULATION
Gross has informally described a process model of emotion regulation (Gross 2001) . According to this model, people can use strategies to influence their level of emotion at different time points. Gross mainly differentiates between antecedent-focused strategies and response-focused strategies. Antecedent-focused strategies are applied before response tendencies have become fully activated. These are strategies to prevent a person from becoming too emotional, or too little emotional. Response-focused strategies are applied when an emotion is already under way, and response tendencies have been generated. These strategies focus on the way emotions are expressed, and are mainly driven by social factors. In his model, Gross distinguishes five different emotion regulation strategies, which can be applied at five different time points. Four of them are antecedentfocused strategies: situation selection, situation modification, attentional deployment and cognitive change. The fifth one, response modulation, is a response-focused strategy. All strategies are shown in The first emotion regulation strategy in the model is situation selection. When this strategy is applied, a person chooses to be in a situation that matches the emotional level he wants to experience for a certain emotion. For example, a person could refuse an invitation to a party, because he is in a conflict with someone who is going to that party, and he would feel angry when seeing him. This is an example of downregulating one's emotion. Deciding to make a bungee jump is an example in which the level of emotion is raised. The second emotion regulation strategy in the model is situation modification. When this strategy is applied, a person modifies a situation so that it better fits to a person's optimal level of emotion. For instance, when a person is watching a television interview with a very annoying political leader, he might zap to another channel. The third emotion regulation strategy is attentional deployment. This strategy refers to shifting your attention to a certain aspect. An example of attentional deployment is when a person is watching an important soccer game that ends in a penalty shoot-out, and he chooses to put his hands before his eyes, instead of watching the final penalty, because it is too exciting. The fourth emotion regulation strategy is cognitive change. This is a strategy in which one selects a cognitive meaning to attach to an event. An example of cognitive change is when a team loses a soccer match, and a player blames this on his teammates, instead of on his own play. The fifth emotion regulation strategy, response modulation, is a response-focused strategy, and is applied after the emotion response tendencies have been generated. When a person applies response modulation, it tries to influence the process of response tendencies becoming a wanted behavioural response. An example of response modulation is hiding that you are nervous when giving a presentation. Cognitive-Behavioral Therapies have the purpose to facilitate beneficial use of emotion regulation strategies. They focus on cognitive aspects, as well as behavioural aspects. The behavioural part focuses on replacing counterproductive emotional driven behaviours with alternatives. This has a facilitating effect on beneficial use of situation selection, situation modification, and attentional deployment. The cognitive part focuses on substituting irrational negative appraisals for evidencebased appraisals. This has a facilitating effect on beneficial use of cognitive change (Campbell-Sills & Barlow 2006).
MODELLING APPROACH
Modelling the various aspects involved in emotion regulation in an integrated manner poses some challenges. On the one hand, qualitative aspects have to be addressed, such as decisions to regulate one's emotion (e.g., by selecting a different situation). On the other hand, quantitative aspects have to be addressed, such as levels of emotional response. The modelling approach based on the modelling language LEADSTO (Bosse et al. 2007a ) fulfils these needs. It integrates qualitative, logical aspects such as used in approaches based on temporal logic (e.g., Barringer et al. 1996) with quantitative, numerical aspects such as used in Dynamical Systems Theory (e.g., Ashby 1960; Port and Gelder 1995) . In LEADSTO, direct temporal dependencies between state properties in two successive states are modelled by executable dynamic properties defined as follows. Let a and b be state properties of the form "conjunction of literals" (where a literal is an atom or the negation of an atom), and e, f, g, h non-negative real numbers. Then in the leads to language a → → e, f, g, h b, means:
If state property a holds for a certain time interval with duration g, then after some delay (between e and f) state property b will hold for a certain time interval of length h. 
OVERVIEW OF THE SIMULATION MODEL
This model is an extension of a previous model (Bosse et al. 2007c ). This section gives an overview of this model. For convenience, the model concentrates on one specific type of emotion. In principle, this can be any emotion that is considered to be a basic human emotion, e.g., sadness, happiness, or anger (Ekman et al. 1972 (Gross 2001 ) the strategy response modulation had no effect on the emotion experience, it is not considered in this paper. However, the model is constructed in such a way that the set of strategies can easily be adapted. The four remaining strategies that are considered and their corresponding elements are shown in Table 1 . The regulation process compares the actual emotion response level ERL to the emotion response level aimed at ERL norm . The difference d between the two is the basis for adjustment of the choices made for each of the elements n; based on these adjusted choices, each element n will have an adjusted emotional value v n . The strength of such an adjustment is expressed by a modification factor α n , which represents the flexibility to change one's emotional value for a certain element.
In order to obtain a model that can adapt itself to various circumstances, the modification factors α n have been made adaptable. The flexibility to choose different emotional values v n can be adapted to an assessment of the emotion regulation process: a sort of reflection or meta-cognition about the emotion regulation process based on the history of differences d. The adaptation factor γ n mediating in this adaptation process represents the personal flexibility to adjust the emotion regulation behaviour based on such an assessment. It takes some effort to change behaviour in favour of emotion regulation. This effort, or the costs of adjusting the modification factor for element n, is represented by c n .
The model is shown in a qualitative manner in the graph depicted in Figure 2 . The variables above the dashed line are added in this paper, and will be explained in the next section. Note that the model contains two cycles. One is the basic emotion regulation cycle from the v n to ERL via d back to the v n . The other one is the adaptation cycle from the α n to the basic regulation cycle and back (via v n , ERL and d back to α n ). The processes modelled here are in real life continuous. Since simulation needs some form of discretisation, this model works with a fixed step size s that can be taken any size as desired. 
ADDING THE POSSIBILITY TO SIMULATE EVENTS LIKE TRAUMA'S AND THERAPIES
In order to simulate events that can change the personal tendency to adjust behaviour in favour of emotion regulation γ, we have chosen to express these events in real numbers in the domain [-1, 1] . If an event has a high value, for instance a successful therapy, it will lead to a higher tendency to adjust behaviour in favour of emotion regulation. If the value gets closer to 0, it will have a smaller effect, and when it reaches 0 it will have no effect at all. An event with a negative value, for instance a trauma, will result in a lower tendency to adjust emotion regulation behaviour. The following formula is used to let events influence the tendency to adjust behaviour in favour of emotion regulation: In these formulas, new_γ n is the new personal tendency γ n , and old_γ n is the old personal tendency γ n . ∆γ n is the change of γ n . The new γ n is derived by adding ∆γ n to the old γ n . The variable '∆t' is the time step, which is taken 1 in this paper. ζ n is a variable that determines the speed with which the personal tendencies are adjusted by events. In simulation experiments, a ζ n in the range 0.10 -0.20 seemed to be most realistic. Event is the value that is attributed to a particular event that is simulated in the model. γ basic n is a person's basic personal tendency to change its behaviour in favour of emotion regulation. Assumed is that a person is born with a basic personal tendency to change behaviour in favour of emotion regulation, and this personal tendency can be changed by events. However, when the γ n deviates more from γ basic n , and an event influences γ n to deviate even more from γ basic n , γ n will be changed less than when it is influenced by an event with the same strength in the different direction. So for instance, when a person has a very low γ basic n , but a series of events made the γ n rise to a much higher level, an Event with the value 0.5 will make the γ n raise only a little bit more, while an Event with the value -0.5 will make the γ n decrease significantly. In other words, events can change a person's personal tendency, but it gets harder when the personal tendency has already changed much. Table 2 shows a summary of all the treated variables. The variables depend on each other as shown in a qualitative manner in the graph depicted in Figure 2 . 
SIMULATION EXPERIMENTS
A number of experiments have been performed on an agent, to test whether the model can simulate the effects of events like traumas or therapies on emotion regulation. The variables that were used in the experiments are summarized in Table 3 . The values of the fixed variables and the initial values of the remaining variables are shown. The experiments in this paper simulate the behaviour of an individual. The simulated emotion is anger, and the agent's optimal level of anger is 0.5. The agent starts with a very high emotion response level of 1.8, and very high emotional values, all set to the same level of 1.8. So at the start of the simulation, our agent is very angry, and is in a situation that keeps him angry. The weights, and the costs attached to the various elements are set to the same values as in the previous model (Bosse et al. 2007c) . The γ n 's, which represent the personal tendency to change behaviour in favour of emotion regulation, are initially set to 0.01, which is a very low value. The value for all γ basic n 's is set to 0.05. This is somewhat lower than average, which means that by nature the agent has a relatively low personal tendency to change behaviour in favour of emotion regulation. The initial γ n is even lower, which means that before the start of the simulation, the agent has had some experiences, for example a trauma, which decreased its personal tendency to change behaviour in favour of emotion regulation. The ζ n are all set to 0.15. Experiments showed that this is a normal value. In the experiments in this chapter, the manipulated variables are the events that influence the personal tendency to change behaviour in favour of emotion regulation.
Experiment 1: The effect of a successful anger management therapy
In this simulation, we let our agent experience an event that will increase its personal tendency to change behaviour in favour of emotion regulation very much: a successful cognitive-behavioural anger management therapy. This event takes place at time point 40, and has the value of 0.9 in the domain [-1, 1]. The results of this simulation can be seen in Figure 3 . Because all emotional values and modification factors show similar behaviour, and the only difference is made by the costs, only the graphs of the element with the highest costs, situation, and of one of the elements with the lowest costs, subsituation, are shown. As can be seen in Figure 3 , the emotion response level first decreases very slowly. Later in the simulation, after the therapy has taken place, the emotion response level starts to descend more quickly, and at the end of the simulation the optimal level of emotion is reached. So at the beginning of the simulation, the agent is not able to let its level of anger decrease to its optimal level, but at the end of the simulation it is. This can also be seen in the simulations of the emotional values. First these values decrease very slowly, and later in the simulation they decrease much quicker. This is the clearest in the emotional values of elements with lower costs, such as subsituation. These emotional values decrease much more than the emotional values of elements with higher costs. At the end of the simulation, the emotional values of elements with lower costs have almost reached 0, while the emotional value of situation selection, with higher costs, has decreased only until 1.1. The modification factors α n increase very slowly at the beginning of the simulation, and start to increase more quickly after the therapy has taken place. The modification factors of elements with lower costs increase much quicker than the elements with higher costs. At the end of the simulation, the modification factors of elements with lower costs have increased until 0.37, while the modification factor of situation selection, with higher costs, has increased only until 0.042, and has started to decrease again. It makes sense that the modification factors increase very slowly at first, and start to increase quicker at a later time point in the simulation. At time point 40, an event takes place, which makes the personal tendency to change behaviour in favour of emotion regulation, represented by the γ n , rise from 0.01 to 0.15. These γ n have a direct effect on the modification factors, as can be seen in Figure 2 . Especially in the simulation of the modification factor of situation selection, the impact this has on the modification factors can be seen. A few steps after time point 40, the modification factor starts to increase much quicker. So after the anger management therapy, it immediately starts to increase its willingness to change its behaviour in favour of emotion regulation. The impact this has on the emotional values can be seen very clearly. After time point 40, the emotional values start to decrease much quicker. After a while, the emotion response value has decreased enough to make the emotional value for situation selection decrease more slowly again. So our agent is not able to reach its optimal level of emotion by choosing different situations, cognitive meanings, etc. in the first part of the simulation, but after the anger management therapy at time point 40, it starts to change its behaviour, and at the end of the simulation it has reached its optimal level of emotion, and is able to keep it stable.
Experiment 2: The effect of a series of events
In this simulation, we let our agent experience various events that change its personal tendency to change behaviour in favour of emotion regulation. First, at time point 20, the agent experiences an event that is just as 'strong' as the event at time point 40 in experiment 1. So the same agent follows the same cognitivebehavioural anger management therapy with the same amount of success as in experiment 1, only now it already takes place at time point 20. At time point 40, the agent experiences an event that is just as strong as the event at time point 20, but now in the opposite direction, so that it will decrease its personal tendency to change behaviour in favour of emotion regulation. In real life, this event could be for instance a severe traumatic experience. At time point 60, the agent experiences a positive event with the strength 0.4, for instance a therapy that helps it deal with the traumatic event he experienced at time point 40. Finally, at time point 80, the agent experiences a negative event with the strength of 0.3. The results of this simulation can be seen in Figure 4 . Again, because all emotional values and modification factors show similar behaviour, and the only difference is made by the costs, only the graphs of the element with the highest costs, situation, and of one of the elements with the lowest costs, subsituation, are shown. As can be seen in Figure 4 , the emotion response level decreases very slowly at the start of the simulation. After the anger management at time point 20, which makes the γ n rise to 0.15, the emotion response level starts to decrease somewhat quicker. Because the traumatic event at time point 40 makes the γ n decrease to an even lower level than it was at the beginning of the simulation, this decreasing trend does not proceed the way it did in experiment 1. The effects of the less powerful events at time point 60 and 80 can clearly be seen by the kinks in the graphs of the modification factors, but the effects on the emotional values and the emotion response level are less clear. It can clearly be seen that the less powerful events have a smaller impact on the γ n .
DISCUSSION
In this paper, a computational model for simulating the effects of events like traumas or therapies on emotion regulation has been described. This model is an extension of the model by Bosse et al. (2007b; 2007c) , and was inspired by the process model of emotion regulation as informally described by Gross (Gross 2001) .
The simulation experiments have demonstrated that the model can simulate the effects of events that influence the personal tendency to change behaviour in favour of emotion regulation, like trauma's, or therapies. In experiment 1, the agent has at first a low tendency to change its behaviour, and is because of this low tendency not able to reach its optimal level of emotion.
After an anger management therapy, its personal tendency to change behaviour in favour of emotionregulation has increased, and the agent is able to regulate its emotions, and reach its optimal level of emotion. In experiment 2, a series of events influence the agent's emotion regulation. In this experiment, the relatively 'stronger' events have a bigger impact on the emotion regulation process. These results are consistent with the literature (e.g., Beck and Fernandez 1998; Deschner and McNeal 1986) . Validation involving extensive comparison with detailed empirical data is left for future work. Possible improvements to this model could be introducing decay for the γ n , which represent the personal tendency to change behaviour in favour of emotion regulation. This way, the γ n would slowly return to the value of γ basic n if no events occur that influence the γ n . Also, in the formulas that are used to calculate the new emotional values, the emotion response level could be modified by a random factor. The size of this random factor could be changed in order to simulate emotion regulation in people that are not able to recognize their level of emotion very well. Furthermore, in this model, Gross' notion of response modulation is not considered, and thus has no effect on the emotion regulation at all. It could be the case that response modulation at the long term, for instance the suppression of a traumatic experience, could have an effect on emotion regulation. The model could be changed in order to make it able to simulate this. Finally, in the current model, a trauma cannot cause a relapse in the emotion regulation process. It can only slow down the process. The model could be changed so that a trauma would not only influence the personal tendency to change behaviour in favour of emotion regulation, but also the willingness to change behaviour in favour of emotion regulation, and the chosen emotional values.
